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Background mth- i-^ n tlnn 

S J? l0n9 " haUl ' h ' 9h Capaci, y wavelength divi- 
to remote T ^ ^ «• ^ ^abi l 

a vanety of value . added communjcatj 

eluding local access, interactive multimedia aTwave 

work nod ° PtiCal Ch3nne,S at each ad ^rop net- 
irlumL T a t mUltipl6Xed Si9nal c ^Posed of a 
t utinn t er ° fSUChcharine,sa ^, in some cases, sub 
IZH f ° r m ° re ° ptiCal channe,s t^t have the 

SSi wnM eq ;r cies as the originai chan ^i s 

P003] wdm add/drop systems have been disclosed 
n the pnor art using a complete frequency demu, ptex 
-ng approach. Such systems have been constSd bv 
P^ga1xNchanne,dem U ,ti p(eX er,suchas^ 
artZT*" Wlth 3n NX1 P assiv -hannelcombl r 

u7Z«T?£ SySt6m ° f ,his sort ^ Closed in 
1996 Zr J ' 526 ' 153 issued to Glance on June t 
in «ht confix 6 ; ^ 6rred ,0 as the Gla "<* '1 53 patent) 
^ inPUt Si9nal COmDosed * a Plu- 

S5=ES=S=S= 

the number of optical channels to be added SonU 
*jpped and added, the entire 

d onnl ? f ' arge number of cha "nels can be 
droppedandadded usingthis configuration, it none"he 

S wnM ? US t d in S, ' 9n,fiCant number <"er a long- 

X^SS" these paired de ™w™«™ - 

XhToo^Z f CaUSe 3 substa "tial narrowing of 
he optical channel bandwidths. This narrowing can be 

^een laser power sources and optical channel filters 
«g, for examp(ei due to giure e t 

D^nn 3nd 39in 9 Because the 

Dragons router allows some leakage of signals acros! 
adjacent channel paths, and introduces s gnal phase 



SLT'fT 9 the Varyin9 len 9 th *annel paths 

N o 6 J M 9 ' 9 and Multifre ^^^y Lasers," Vol 8 
No. 6 J. of Lightwave Tech June iQQn\ q;„ . 

«9f.t>, eg Mi„ gsandoplicals P 

Etaro™ Letters, pp. 403-404. February 1T, 997 > 

Summary of th» i nt[nn 



TeLeZ and inSerti ° n ' OSS are Si9n * ica nt'y re- 
consists of a series of switched filter-bypass devices a 
eachadd/d ropnode. Thefilters in these VLr-bypas Sd e 
vices are individually designed to act upon one or n™ 
P-selected channe)s jn ^ g - * more 

* lr nt^T S, ' 9nal iS SWi,Ched t0 the '"Put o?a partic 

40 Z ^ P f ° f 8SSUmin9 several Positions for routine 

45 rnn™ ° ut ' n 9Po s| t |or "or that switch. 

[0007] The inventive system provides several advan 
tages over the prior art. Unnecessary signal p ZtZ 

^^^^ 

2 =e „, „v er Sb9r . 9ra » ^ x - 

■5SSS=«S==: 
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number of optical switches. As a result substantial re- 
duces in cost, dispersion and insertion loss are 



Brief Description of the Drawing 

S f Tf If inVentbn Wl " be m ° re ,ullv understood 
from the following detailed description of an illustrative 

u^nthTc^ 

FIG. 1a shows a schematic diagram of an illustra- 
tive embodiment of the present invention, with the 
fi ter-bypass switch configured to a filter state- 

i ' , , S i!~ WS 3 SCh6matic dia 9 ram of th <* embod- 
-ment o FIG. 1a, with the switch in a bypass state; 
FIG. 2 shows a schematic diagram of a filter em- 
bodiment suitable for use in device embodiments 
is and 1 bj 

FIG. 3a and 3b show schematic diagrams for two 
series 0 S w,tched filter-bypass devices in accord- 
ance wrth the principles of the present invention; 

FIG. 4 shows a schematic diagram of a WDM add/ 
drop capability in a long-haul optical network, com- 
pr«.ng a number N of add/drop systems at nodes 
across the network. 

Detailed Description rv Thr lnmm m 

IwS ^, ° PtiCa ' wave,en 9th division multiplexing 
(WDM) add/drop filter-bypass system provides selec 
veo« 

flexed s,gnalcomposedofanumber of such channels 
The f, ter-bypass system is a structure comprising a s^ 
r*s of swltched fitte , bypass devjces d J se 

soonr n t OPtlCal SWi,Ch and an 0ptical filter - a <* ^ re- 
sponsive to a control signal such that an inputted multi- 
plexed opta* signal either is routed to or bypasses** 
optical filter via the optical switch. 
[001 0] m each device, an optical filter is provided hav- 
X S h Characteristic rel *ed to on.' .or morep^- 
selec ed op , IC al channels. This characteristic enab.es 

ac oTt l extract (d : op) ' insert (add) ' ° rdrop 

Si* r Pre - se,ected channels to the mul- 
TZTT S ' 9nal - " n ° Channe,S are intende * to be 

Sas the fL C r USeS mUltlp,eXed Si 9" al t0 by- 
pass the filter v,a the optical switch. Furthermore, this 
add/drop capability is accomplished without the need to 
demultiplex the entire multiplexed signal or to pass the 

batter explain the advantages provided by this device 
over the pnor art, two prior art WDM add/drop systems 
are briefly reviewed. W systems 

I 0 1 0 x 1 Nl ha °n ne T ^ WDM add/dr0p svstem 
a 1xN channel demultiplexer, such as a so-called Draq- 

(see, e.g., the Glance '153 patent). A WDM signal con- 



sisting of a plurality of N multiplexed channels is first 
input to the demultiplexer, which demultiplexes ^ 2? 

put signal cons.st.ng primarily of one of the N channels 
« The system includes means to selectively drop opt cal 

op .cal channel signals to each output. After these sig- 
nals are dropped and added, each of the outputs are 
jnputothecombiner.whichmultiplexesallofthe gnas 
from the outputs to produce a WDM signal consisting of 
a new plura% of 0ptjca| channe( 9 -ngo 

mu Lplexers and demultiplexers used in such add'd op 
systems are further described in US P at N° 

fnn 1 , a ^ August 4, 1992, respectively. 
[0012] In operation, such an arrangement suffers 
^om several deficiencies. In particular'channel ban" 
width narrowmg and cross-talk can be severe in WDM 
» 1? app,icati <™ constructed with many such sys 
torn. Multipath interference effects, caused by impe - 
feet channel .eolation and phase delays due to differ- 
ences ,n .ndividua. optica, path lengths, produce sub . 
mTopcT ndP0Werpenalties ^^-.D.A.Fish 
25 [0013] We have discovered that multipath interfer 

plexerm place of the passive coupler currently used in 
he demult.plexer/multiplexer pair. However, even with 

» andw r ti0a ' imrta,i0nS aSSOCiated ™ i 
bandwidth narrowing and power loss remain. Channel 
narrowing ,s caused by subjecting the full plurality o 

p ex no V 0 ,? 3 ^ Sta96S ° f demu,ti P'^ng and mutt! 
plex ng and from a characteristic frequency misalign- 
3S Sf Ween : helaserwa ^'^9thsigna.sandtheo^^^ 
Z2e r r r" 3 - ThiS misa,i 9™-t can occur, for 
example, from thermal effects, polarization sensit vity 
anda^ 

itattons of current systems, channel narrowing effects 

a 3soc,atedwimthisarrangementma y severe"y 9 .S e 
« number of useable add/drop nodes in an optiJneto-rk 
o^no more than about ten nodes. ,n addition, the te s 
added to each multiplexer also add a significant cost n 
multi-node network applications. 
[0014] A second optical WDM add/drop system re- 
's duces the effects of channel narrowing by usTnc con- 

latorsandopticalswitchesfseeH. Okayamaetal., "Dy- 

Z JT 8 9, i selective add/drop node com ' ri 4 

so Z ? T and ° ptiCal switches .' Vol. 33, No. 5 of 
WDM 0 " 1 ' L , ett6rS ' PP - 403 - 404 ' Februar V 27, 1997) A 
r SiS K tin9 ° f 3 P,Ura,ity ° f ° ptical cha "-'3 
1^1 ° U9h 3n ° pticai circulator to ^ optical 
sw tch, where either it is directed to a fiber grating filter 
or rt bypasses this fitter. If directed to the fL. one o 

by the fitter and d.rected to the circulator to be dropped 

Iwttch and" 19 Cha0nelS dir6C,ed thr0U 9 h a sec °"d 
sw,tch and a second optical circulator. One or more 
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channels may be added to the filter through the second 
circulator and the second switch, where they are reflect- 
ed forward into the WDM signal stream. This configura- 
tion can be interconnected in a series to provide the ca- 
pability to drop and add multiple channels in a WDM siq- 
nal stream. 

[0015] Although this fiber-grating based add/drop 
system reduces channel narrowing, it adds significant 
cost and insertion loss for applications seeking a large 
number of add/drop channels per node. For example 
insertion loss in decibels (dB) may be two to three times 
greater than for an equivalent add/drop system based 
on the Dragone multiplexer/demultiplexer pair In addi- 
tion, channels at wavelengths below the filtered channel 
may experience significant transmission losses result- 
ing from cladding mode reflections, thereby limiting the 
effective use of fiber-grating filters to only a small subset 
of the WDM channels located at shorter wavelengths 
(see Turan Erdogan and Victor Mizrahi, Tiber Grating 
Technology Grows," IEEE LEOS Newsletter, February 
1993, pp. 14-18). y 
[001 6] Long-haul optical network add/drop multiplex- 
ing of a significant number of add/drop nodes is im- 
proved by employing an optical WDM add/drop filter-by- 
pass system consisting of a series of switched optical 
WDM filter-bypass devices. Based on a unique config- 
uration and use of thin-film filter technology, these filter- 
bypass systems are able to avoid the bandwidth nar- 
rowing effects experienced in the demultiplexer/multi- 
plexer pair configuration. Inaddition, these systems and 
are able to eliminate and replace elements used in the 
fiber-grating based configurations that contribute signif- 
icant cost and loss. Furthermore, these systems do not 
experience the effects of cladding mode reflections that 
limit the range of channels that can be dropped and/or 
added. 

[0017] FIGS. 1 (a) and 1 (b) show a functional illustra- 
tion of a filter/bypass device 100 of the type employed 
in the present invention. Filter/bypass selection is ena- 
bled by an optical switch 1 02. In general, the switch 1 02 
may have N inputs, for receiving optical signals, and M 
outputs, for transmitting optical signals. For example 
the switch 102 shown in FIG. 1(a) has two inputs 107 
and 118 and two outputs 108 and 109. Consistent with 
a series arrangement of interconnected filter-bypass de- 
vices (see FIGS. 3(a) and 3(b)), the switch 102 can be 
configured to route the optical signals to a filter state or 
to a bypass state via a control signal 106). The control 
signal 106 may be generated by any conventional 
means including, but not limited to: 1 ) local control such 
as a central office network control operator; 2) remote 
control, such as a network control center; 3) automated 
through the use of dynamic network reconfiguration 
software; or 4) manual control. A 2X2 single-mode fiber- 
optic switch suitable for this purpose may be obtained 
rom DICon Fiberoptics, Inc. of Berkeley. California 
[0018] In FIG. 1 (a), the WDM filter-bypass device 100 
comprises the combination of an optical switch 102 an 



optical filter 104, a control signal 106 and a number of 
optical inputs and outputs. The switch 102 is configured 
for operation in the filter state. An optical multiplexed 
signal ^ ^...^ is received by the switch input 107 The 
switch 102, responding to the control signal 106 is 
switched into a filter state. As a result, the multiplexed 
signal ^ V \ is switched from the switch input 107 to 
the switch output 109, which is in turn is coupled to a 
filter input 110 via an optical link 111, thereby causing 

^ m ^ lexeds >^h h- -Vo be processed by the 
filter 104. After the fitter 104 drops the frequency chan- 
nel * 3 via a filter output 1 1 2, and adds frequency channel 
* 3 via a fitter input 114, the multiplexed signal JL JU V 
\ is provided to a filter output 116. This output 116is in 
turn coupled to the switch input 118 via optical link 113 
Thereby, the signal reaches the switch input 118 and is 
switched by the switch 102 to the output .108. 
[0019] FIG. 1 (b) illustrates operation of the device 100 
in the bypass state. An optical multiplexed signal JL ?u 
a> \ is received by the input 107 of the filter-bypass device 
100. In response to the control signal 106, the switch 
102 is switched into a bypass state and the multiplexed 
signal is switched directly to the switch output 108 
thereby causing the multiplexed signal X, JL.1 to by- 
25 pass the filter 104. Accordingly, the switch 102 in the 
bypass state eliminates any unnecessary processinq of 
the multiplexed signal ^ ^.r. 
[0020] The filter 104 shown in FIGS. 1 (a) and 1(b) 

30 ™ 7 Tf N inPUtS ' f ° r rSCeiVin 9 °P tical si 9^'s, and M 
*> outputs, for transmitting optical signals. The active filter 
elements of the filter 104 can be of the thin-film filter 
type. 

In FIG 2, for example, the filter 104 has two inputs 110 
and 114 and three outputs 112, 116 and 120. Thin film 
* filter elements 122, 124, 126 are designed to be effec- 
tive at respective pre-selected channel frequencies and 
are coupled to collimator 128. The filters operate by 
causing pre-selected frequencies to be transmitted 
through the filters, and by causing other frequencies to 
be reflected by these elements. Suitable thin-film filters 
may be obtained, for example, from Oplink Communi- 
cations Inc. of Hoboken, New Jersey, USA as Part No. 
IBPF-5LT-1 6-1 . 

[0021] The thin-film filter illustrated in FIG. 2 is config- 
ured to drop two selected optical channels and to add 
one selected optical channel. It will be apparent to those 
skilled in the art that many other filter combinations are 
also possible. 

[0022] Details about the operation and fabrication of 
» such thin-film filters are well known to persons skilled in 
the art (See M. A. Scobey, D.E. Spock, OCA/Optical Cor- 
poration of America, Marlborough, Massachusetts 
Passive DWDM components using MicroPlasma® op- 
teal interference filters," OFC '96 Technical Digest pg 
« 242-243). Thin film filters exploit the interference char- 
acteristics of optical waves in order to cause some fre- 
quencies in an optical signal to be reflected by the filter 
elements, and to cause others to be transmitted through 
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the filter elements. Each filter element typically compris- 
es a resonant cavity composed of a multiple number of 
dielectric thin film layers. Each layer is of a specified 
thickness (typically equal to one quarter of the optical 
wavelength to be reflected). Layers of differing thick- 
nesses are stacked in a predetermined order so that a 
. broad range of frequencies may be reflected by each 
filter element. 

S, t ln addition ,0 the Preferred embodiment of the 
WDM Mer-bypass device illustrated in FIGS. 1(a) and 
h () w 'S;;.;f e a| temative configurations of 
the WDM filter-bypass device, all of which are contem- 
plated herein. For example, the two by two (2X2) optical 
switch illustrated in FIGS. 1( a) and 1(b) can be conj- 
ured such that each filter-bypass device subsequent to 
the first such device in the filter-bypass series receives 
as one input the path carrying the bypassed WDM signal 
for the prior device, and receives as a second input the 
path canying , he filtered signal from the prior device 

SE5» 9 "' 7k 4(a)X Addilional| y' for ""mpto. the sin- 
gle 2X2 switch used in Figures 1 (a) and 1 (b) can be re- 
placed by a configuration employing two one by two 
(1X2) swrtches, two 2X2 switches, or erther one 1X2 or 
one 2X2 switch in combination with a Y-branch wave- 
guide combiner. As previously noted, the thin film filter 
may have one or more ports for dropping optical chan- 
nels and one or more ports for adding optical channels. 
[0024] In anticipated applications of this invention a 
number of optical WDM add/drop systems are deployed 
a tanumberofnodes1 5 2, 153acro SS along-hauloptLl 
telecommunications system 150 (see FIG. 3). The sys- 

Z1T» T 152> 1 " ' S C ° mpriSed ° f a series •« 
swrtched filter-bypass devices. Optical signals in a plu- 
rality of optical channels enter the long-haul system 150 
and are combined at multiplexer 156 to form a WDM 
signal. This signal is transported to nodes 152 153 Ud- 
on exiting each node, these signals may be regenerated 
by optical amplifiers 154, 155. The filter-bypass devices 
forming the add/drop systems at each node 152 153 
can be interconnected in a number of ways (two pre- 
ferred embodiments are illustrated in FIGS. 4(a) and 4 

200-206 the optical multiplexed frequency channel sig- 
nal ^ *g ... \ n ls directed to the add/drop node input 208 

rLn^in?, 6 ' d6ViCe 20 °- Res P° nsiv * to the control 
s-gnal 210, the switch 212 is switched into a filter state 
and the optical multiplexed frequency signal k, Ju > 
is processed by the filter 214. 
fo^JV^ embodimen t. the control signals 210, 
228, 230 232, operate in a coordinated manner. Spe- 
cially, for example, the control signal used to select 
the configuration of switch 216 in device 202 is deter- 
mined based both on the desired state for device 202 
(filter or bypass) and on the current state of the previous 
dev.ce 200 as established by switch 212. This latter el- 
ement is important to the configuration of switch 216 
because it determines which of two inputs to switch 21 6 



win receive the WDM signal from previous device 200 
SS? 1 C° nSe ^ uent| y' ,he switch position of a bypass 
awe and filter state may not be the same in each o?the 
Mer-bypass devices 200-206. Moreover, filter-bypass 
iT^v, f advanta 9 e °^V ^ coupled to a two by 
one (2X1) switch or a Y-branch wave-guide combine" 
234 to provide a single output of the set of filter-bypass 
devices 200-206. 

[0028] The filter 214 of FIG 4a , drops the frequency 
channel and replaces it with the frequency channel 
J, to produce the multiplexed frequency signal JL' 5U 
V Thereafter, the optical multiplexed frequency signal 
^ ^ ... ^ is d.rected to the bypass-filter device 202 in 
which a similar process is repeated. However, in the 
present example illustrated by FIG. 4(a), the filter 218 
adds a frequency channel ^ absent from the input sig- 
nal, and a multiplexed frequency signal L'Jui, X is 
produced. The multiplexed frequency signally £ 
K is ; then directed to the bypass-filter device 204 in 
which a similar process is repeated. However, in the ex- 

chTnn ?7 IG H 4(a) ' fiKer 222 drops the ^u«™ 
channel X s and a multiplexed frequency signal V ju 
K » produced. This process is similarly repeated 
through remaining filter-bypass devices 206 
* [0029] FIG. 4(b) shows an alternate node configura- 
jon consistent with the device embodiment illustrated 
n FIGS. 1(a) and 1(b). The operation of this configura- 
tion ,s similar to that of the configuration in FIG 4(a) 
so 2? M? lk)n ° f the rOUtin 9 of the After outputs In 
FIG.4(b),thes,gnal^V.AProducedbythefiiter214 
s not directly routed to the switch 216, but is instead 

ZZt h° 3 S6CO ? d inpUt ° f ,he SWitch 208 - then 
routes this signal on to the switch 216. This process is 
repeated through the fitter-bypass devices 206, and has 
the advantage of limiting the switch in each filter-bypass 
device to one external input and one external output 
This lirmtation simplifies the process of determining the 
ST P "f te K SWitCh co ^ration for signal routing be- 
tween filter-bypass devices, and thereby the apprapri- 
« ate control signals 210, 228, 230 and 232 

[0030] Wavelength-selective optical WDM add/drop 
systems can eliminate the bandwidth narrowing prob- 
ers of the paired demultiplexer/multiplexer combina- 
toon. Based on current bandwidth requirements for 
« channe, cation in WDM systems, bandwidth narrow- 
^9 current y Umits the number of paired Dragone de- 
multiplexer/mult.plexer add/drop nodes that can be in- 
serted into a long-haul system to about ten nodes Be- 
so Tl 6 J an ^ m narr ° Win9 in wa velength-selectr,e 
systems such as the present filter-bypass device con- 
figuration ,s negligible, the number of fitter-bypass de- 
vice based nodes that can be inserted into a long-haul 

55 L°h 3 k 1] Alth ° U9h 3lS0 benefitin 9 from limj ted band- 
tTve adX 0 ™ 9 eff6C,S ' ,h6 fiber -9 rati "9 based selec- 
tive add/drop system experiences insertion losses that 
are unrformly higher than losses for the paired Dragone 
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demultiplexer/multiplexer system and for the inventive 
filter-bypass device based system. Insertion losses for 
the inventive filter-bypass device based systems are 
generally lower than losses for the paired demultiplexer/ 
multiplexer based systems, with loss performance for 5 
the filter-bypass system improving as the number of 
add/drop channels per node decreases. Based on cur- 
rent component element costs, the filter-bypass system 
is approximately one-half to one third as costly per node 
as the fiber-grating based selective add/drop system w 
configuration, largely because the filter-bypass system 
configuration requires no optical circulators and fewer 
optical switches. 

[0032] The exemplary embodiment of this method de- 
scribed above is but one of a number of alternative em- is 
bod ( ments of the invention that will be apparent to those 
skilled in the art in view of the foregoing description Ac- 
cordingly, this description is to be construed as illustra- 
tive only, and is for the purpose of teaching those skilled 
in the art the best mode of carrying out the invention 20 
Various other alternatives can be devised by a worker 
stalled in the art without departing from the teachings of 
this invention. For example, as previously mentioned a 
variety of switch and/or combiner combinations can be 
employed to implement the switch function of the filter- ss 
bypass device. And a variety of thin film filter configura- 
tions, with varying numbers of ports allocated to add and 
drop channels, may be employed in the device as well. 

Claims 30 

1 . A method for routing signals associated with a plu- 
rality of optical channels through a filter-bypass de- 
vice in an Optical Wavelength Division Multiplexing 35 
Add/Drop system, the method comprising the steps 

responding to a control signal to configure the 4 

filter-bypass device in a filter state or a bypass 40 
state; 

when said device is in said bypass state, rout- 
ing said signals associated with said plurality of 
optical channels from a switch input through 
said switch to a switch output; and 45 
when said device is in said filter state, routing 
said signals associated with said plurality of op- 
tical channels from said switch input through 
said switch to an additional switch output, from 
said additional switch output to an optical filter so 
input, and from said optical filter input through 
said filter to a filter output, 

FURTHER CHARACTERISED BY 
selecting said optical filter to be a multi-port ss 
thin film filter having a spectral characteristic related 
to signals associated with at least one of said plu- 
rality of optical channels. 



2. The method of claim 1 , wherein said filter-bypass 
device is interconnected to an additional filter-by- 
pass device, said methodf urther including the steps 

when said device is in said bypass state, rout- 
ing said signals associated with said plurality of 
optica! channels from said switch output in said 
device to a switch input in said interconnected 
device; and 

when said device is in said filter state, routing 
said signals from said filter output to another 
switch input in said interconnected device. 

3. The method of claim 1 , wherein said filter-bypass 
device is interconnected to an additional filter-by- 
pass device, said methodf urther including the steps 

when said device is in said "bypass state, rout- 
ing said signals associated with said plurality of 
optical channels from said switch output in said 
device to a switch input in said interconnected 
device; 

when said device is in said filter state, 

routing said plurality of channels from said 
filter output in said device to another switch 
input in said device; 

routing said plurality of channels from said 
other switch input in said device through 
said switch to said additional switch output 
in said device; and 

routing said plurality of channels from said 
additional switch output in said device to 
said first switch input in said interconnect- 
ed device. 

\. An add/drop optical multiplexing arrangement ca- 
pable of dropping at least one channel of a wave- 
length division multiplexed signal, the arrangement 
comprising: 

an optical switch responsive to a control sig- 
nal both for directing the wavelength division multi- 
plexed signal to a first output when the control signal 
is in a state indicative of adding/dropping said at 
least one channel and for directing the wavelength 
division multiplexed signal to a second output when 
the control signal is in a state indicative of bypassing 
the wavelength division multiplexed signal and 
FURTHER CHARACTERISED BY 
an optical filter including a multi-port thin film 
fitter having a spectral response characteristic 
which substantially corresponds to the spectrum of 
the at least one channel, the optical filter coupled to 
the first output of the optical switch for extracting the 
at least one channel from the wavelength division 
multiplexed signal, said at least one channel sup- 
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plied to a first output of the optical filter. 

5. The arrangement defined in claim 4 wherein the fil- 
tared wavelength division multiplexed signa , is sup . 
Plied to a second output of the optical filter. < 

6 ' ilnl vk ""I" 6 "' d6fined in daim 5 furth ^ includ- 
to the second output of the optical filter and a sec- 
ond, nput coupled to the second output of the optical 10 
sw tch, the combiner supplying the wavelength di- 
v«s.on multiplexed signa. from either the Jch or 
the filter to its output. 

wavelength d, Vls ,on multiplexed signal is supplied 
by the second optica, filter output to a secondfnput 

Olexed 8 ! , S0 W3Ve,en9th division muV 

P exed signal can be switched to the second output 

lonoJTt T ,he 31 l6ast one chan ^ * » 
dropped by the filter. 

8- The arrangement defined in claim 5, wherein the 
OP tea fitter is further capable of inserting aHels 

Plexed sTn^ division ™*- 2S 

Plexed signa(i sa|d at |east channe( 

Ptod from a second input of the optical filter so that 
sa>d wavelength division multiplexed signal sup 
P -ed to the second output of L optical > 
eludes the inserted channel. 
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